Abstract
Introduction
Heat stress occurs over a wide combination of solar radiation levels, ambient temperatures, and relative humidity. This is further aggravated by metabolic heat production (generated by the cow herself). For example, body temperatures of lactating dairy cows are significantly increased with rising ambient temperature compared to nulliparous heifers (Sartori et al., 2009) . Generally, it is assumed that a cow becomes more sensitive to heat stress as milk production increases due to elevated metabolic heat production. Accurately identifying heat-stressed cows and understanding the biological mechanism(s) by which thermal stress reduces milk synthesis and reproductive indices is critical for developing novel approaches (i.e. genetic, managerial and nutritional) to maintain production or minimize the reduction in dairy cow productivity during stressful summer months (M'hamdi et al., 2012). Selectively breeding dairy cows for increased milk yield has increased the cows' susceptibility to heat stress thereby compromising summer production and reproduction. In addition, selecting for milk yield reduces the thermoregulatory range of the dairy cow and magnifies the seasonal depression in fertility caused by heat stress (Sakatani, et al., 2012) .
Low reproductive efficiency in dairy cows and buffaloes inflict heavy economic losses all over the world.
One of the important contributing factors in low fertility is the environmental stress. The effect of thermal stress on fertility is multifactorial in nature, since hyperthermia directly alters and impairs the cellular functions of various parts/tissues on other body functions like redistribution of blood flow among body organs, reduction in food intake, respiratory alkalosis (Abdelatif & Alameen 2012) . Summer heat stress is a major contributing factor to low fertility of dairy cows inseminated in the summer months (Thompson et al., 1996) . The stress response includes several changes that may have negative effects on the performance of farm animals. These effects include changes in the immune function and increased susceptibility to disease, decreased feed intake and rumination, inhibition of oxytocin release, and reduced fertility, among others (Nardone et al., 2010) .
Important effects of the climatic stress on reproduction and other associated physiological functions

Effect on Pubertal Development and Estrus Induction
Heat stress reduces the length and intensity of estrus. For example, in summer, motor activity and other manifestations of estrus are reduced and incidence of anestrous and silent ovulations are increased (Hansen and Arechiga, 1999) . There is evidence that temperature can affect the reproductive process at a number of stages ranging from pubertal development through conception and embryonic mortality (Williams & Walsh, 2010) . Heat stress impairs follicle selection and increases the length of follicular waves; thus reducing the quality of oocytes and modulating follicular steroidogenesis (Roth et al., 2001 ).
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Low and high environmental temperatures cause delay in the onset of puberty in both male and female.
Heat stress has a huge impact on the cow's expression of estrus. This is due to heat stress causing a decrease in the cow's production of luteinizing hormone and estradiol. Estradiol is the hormones responsible for estrus expression. Therefore, a cow may be in estrus, but will not express it due to her body's response to overheating ).
Effect on Hypothalamic-Hypophyseal-Ovarian Axis
Several factors regulating ovarian activity are gonadotrophin-releasing hormone from hypothalamus and the gonadotrophins, LH and FSH from anterior pituitary gland. The effects of heat stress on the LH concentrations of peripheral blood are inconsistent. The concentrations of plasma FSH were higher during the preovulatory period in summer and this was associated with lower circulating concentrations of inhibin (Williams & Walsh, 2010) . It is well known that low plasma progesterone levels during the luteal phase of the pre-conception estrous cycle can compromise follicular development leading to abnormal oocyte maturation and early embryo death (Khodaei-Motlagh, 2013). Acute heat stress could act on the hypothalamo-hypophyseal system to cause a transient fall in gonadotrophin secretion leading to a fall in oestradiol secretion that would augment the effect of the heat stress. Heat stress could also act directly on the ovary to decrease the sensitivity of the ovary to gonadotrophin stimulation (Sartori et al., 2009 ). The metabolic hormone prolactin is temperature sensitive and its levels are increased in summer. Prolactin has anti-gonadotrophic actions and suckling-induced prolactin secretion is one of the major causes of postpartum anoestrus. The secretion of LH is also modulated directly by glucose availability (Bucholtz et al., 1996) and hyperglycemia inhibits pulsatile LH secretion and prevents ovulation. This could be another mechanism by which heat stress and its associated reduction in appetite could decrease fertility in dairy cows.
Effect on Fertility/ Conception
The fertility rate of high yielding dairy cows is lowered during summer and even remains lower during autumn in comparison to that in winter. It is well known that lactating cows are more adversely affected than heifers (Takahashi, 2012) , (presumably due to their much greater internal heat production).
Maximum environmental temperature on the day after insemination was associated negatively with conception rates (Nabenishi et al., 2011) . The main cause of low fertility in dairy cows during summer is the level of hyperthermia that lactating cow develop daily during summer. A lactating cow develops mild or severe hyperthermia depending on the intensity of heat stress, milk yield and breed (high rate of Page13 timed to coincide with the endogenous LH surge, has been successfully tried to improve the conception rate (Ullah et al., 1996) .
Post-insemination supplementation of progesterone has not been found effective in improving the conception rate in heat stressed cows (Schmitt et al., 1996) in contrast to it being effective in non-heat stressed cows (Sianangama and Rajamahendran, 1992). It might be due to the fact that most of the damage to the conceptus in severely heat stressed cows occurs between estrus and day 7 of pregnancy (Putney et al., 1989; Ealy et al., 1993) .
The timed AI programme has been recently used to improve summer fertility management. This protocol includes injection of GnRH to induce a programmed recruitment of the ovulatory follicle; 7 days later a 
Effect on Embryonic Development
Embryo loss is another important factor that effects fertility and is increased during heat stress. There are several evidences available to show that the bovine embryo is sensitive to maternal heat stress, particularly during the first 2 weeks after breeding (Ryan et al., 1993) . A major source for reduction in embryonic survival induced by heat stress may be adverse effects of elevated body temperatures on developing zygotes and embryos. Exposure of cattle to elevated temperatures during oocyte maturation and ovulation (Putney et al., 1989) or during the first 3 or 7 day of pregnancy decreased embryonic viability and development (Hansen, 2013) . In other species, embryo becomes more resistant to elevated temperature as development process. Ovarian follicles, the ova/eggs they contain and young embryos can all be compromised by heat stress. Heat stress does not decrease the rate of fertilization after cows are inseminated. However, heat stress has a negative impact on quality of ova, which may influence the viability of young embryos (Hansen, 2015) . In addition, if a cow is heat stressed soon after fertilization, development of the embryo can be compromised. An increase of a mere 0.9 degree F in the cows uterine temperature can decrease her conception rate by 6.9%. For an animal that already has a low conception rate in perfect conditions, 6.9% is a huge reduction (Paula-Lopes et al., 2012). There also is a latent influence of heat stress on fertility. This may be due to the aforementioned negative impact of heat stress 
Effect on Oocytes
Heat stress before insemination has been associated with decreased fertility in cattle (Al-Katanani et al.,
1999
) and sheep (Dutt, 1961) . Some of this infertility may reflect damage to the developing oocyte.
Indeed, there are two reports indicating that oocyte competence, as determined by developmental rate after in vitro fertilization (IVF), is lower in summer than winter (Rutledge et al., 1999) . There are several potential mechanisms by which heat stress could compromise oocytes. Heat stress has been reported to alter follicular development by reducing steroid hormone production (Wilson et al., 1998 ) and these changes in follicular steroid concentration could disrupt oocyte growth. In addition, heat stress reduces growth of the dominant follicle and causes incomplete dominance so that there is increased growth of subordinate follicles (Bajagai, 2011) . Incomplete dominance could result in ovulation of an aged follicle;
such follicles contain oocytes with reduced competence (Mihm et al., 1999) .
The hyperthermia coincident with heat stress in cows could also directly inhibit oocyte function. Unlike other cells, the oocyte is transcriptionally inactive after reaching about 110 µm (Hyttel et al., 1997) and does not undergo increased synthesis of heat shock protein 70 in response to heat shock (Edwards and
Hansen, 1997). Elevated temperature could conceivably have deleterious effects on oocyte growth, protein synthesis, or formation of transcripts required for subsequent embryonic development.
Effect of Heat Stress on Prepartum Period
Traditionally, dry pregnant cows are provided little protection from heat stress, because they are not lactating and it is incorrectly assumed they are less prone to heat stress. Additional stressors are imposed during this period due to abrupt physiological, nutritional, and environmental changes (Bajagai, 2011) .
These changes can increase the cows' susceptibility to heat stress and have a critical influence on postpartum cow health, milk production and reproduction. The dry period is particularly crucial since it involves mammary gland involution and subsequent development, rapid fetal growth, and induction of Hosted@www.ijlr.org DOI 10.5455/ijlr.20150421122704
Page15 lactation. Heat stress during this time period can affect endocrine responses that may increase fetal abortions, shorten the gestation length, lower calf birth weight, and reduce follicle and oocyte maturation associated with the postpartum reproductive cycle (Nardone et al., 2010) . Prepartum heat stress may decrease thyroid hormones and placental estrogen levels, while increasing non-esterified fatty acid concentrations in blood; all of which can alter growth of the udder and placenta, nutrients delivered to the unborn calf, and subsequent milk production (Collier et al., 1980) . Collier et al., (1980) reported that dairy cows experiencing heat stress during late gestation had calves with lower birth weights and produced less milk than cows not exposed to heat stress. This was associated with a reduction in circulating thyroxine, prolactin, growth hormone, and glucocorticoid concentrations (Avendano-Reyes et al., 2006). Feed intake and metabolic rate are adversely affected by heat stress during the immediate prepartum period, and this may adversely affect the ability of the dairy cow to ramp up production postpartum.
Effect of heat stress on production performance
Adaptation to heat stress requires the physiological integration of many organs and system viz.
Digestive, endocrine, cardiorespiratory and immune system (Asres, 2014) . Two sources of heat impact the cow; the environmental temperature and the heat produced internally from the basal nutrient metabolism. Heat produced from the basal nutrient metabolism is a lesser factor than environmental heat sources. However, as milk production and feed intake increases, more heat from nutrient metabolism is produced aggravating any heat stress being incurred from environmental sources (Hansen and Arechiga, 1999) . Therefore, higher milk production cows will begin experiencing heat stress before lower producing or dry cows. High ambient temperatures compromise reproductive efficiency of farm animals in both sexes and hence affect milk and meat production. Heat stress in late gestation reduces fetal growth and alters endocrine status of dam (West, 2003) .
Heat stress lowers feed intake of animal which in turn reduces their productivity in terms of milk yield, body weight and reproductive performance. The responses by cow to maintain normal body temperatures are observed in reduced feed intakes, 10 to 25% lower milk production, decreased milk fat percentage, decreased fertility, depressed immune system, higher maintenance requirements, and overall less efficient milk production (West, 2003) . The high temperature lowered fat%, total protein, IgG, IgA, Lactose and increase pH of milk (Nardone et al., 2006) .
Conclusion
Extended periods of high ambient temperature coupled with high relative humidity compromise the ability of lactating dairy cow to dissipate excess body heat. Cows with elevated body temperature exhibit lower DMI and milk yield and produce milk with lower efficiency, reducing profitability for dairy farms in hot, humid climates. Continued DMI and milk yield results in cows that are less heat tolerant, coupled with the unknown associated with global warming in the future, suggest that heat stress will become worse for dairies in the future. Improved cooling is still the most profitable and effective way to improve both milk production and reproduction during the summer months. Even generally milder climates experience heat stress or heat waves that dramatically reduce fertility. Dry cows are also susceptible to heat stress and should be provided some type of cooling to improve subsequent fertility after calving.
Postpartum heat stress can significantly decrease pregnancy rates with impacts lingering well into the fall months. Designing strategies to reduce negative effects of heat stress on fertility; such as enhanced cooling, ration adjustments, and reproductive protocol changes, will improve dairy farm profitability.
